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Abstract
Sea breezes (SB) occur frequently from May through October along the U.S. Gulf of
Mexico Coast. One reason why SBs interest forecasters is their ability to spawn summertime
thunderstorms, which can cause flash flooding, lightning, and hail. However, forecasting the
exact timing and location of SB-driven convection can be challenging. This thesis will focus on
Mobile and Baldwin Counties in southwest Alabama, which experience two types of phenomena
– SBs along the Gulf of Mexico Coast and bay breezes on either side of Mobile Bay. Over the
past years, multiple undergraduate students have analyzed Mobile, Alabama radar imagery of
past SB seasons and categorized each day between May 1st and October 31st into one of four
categories: Dry SB Days, Convective SB Days, Dry Non-SB (NSB) Days, and Convective NSB
Days. Atmospheric balloon (or sounding) data from Slidell, Louisiana is also archived and
available from the Wyoming Weather Web (http://weather.uwyo.edu/upperair/sounding.html).
Severe weather indices (SWI), which are used to predict the likelihood of thunderstorm
formation, can be calculated from sounding data. Using a ten-year archive of SB seasons, we
calculated composite (or average) SWIs for each of the four categories by reading in individual
soundings from the ten-year archive.
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Introduction
The sea breeze (SB) is a common meteorological phenomenon that occurs on the coast of
a large body of water. SBs form frequently in the summer months when the air temperature over
land is greater than the air temperature over water, which creates a land-sea temperature gradient
(LSTG). The higher land temperature creates relative low pressure over land while the lower
water temperature creates relative high pressure over water. Because air moves from higher
pressure to lower pressure, air moves from the water towards the land, thus creating the SB. In
southwest Alabama, Mobile and Baldwin Counties typically see two types of breezes: SBs and
bay breezes (BB). The SBs are created by the LSTG along the Gulf of Mexico while the BBs are
created by the LSTGs on either side of Mobile Bay. Figure 1 shows a radar image of a Mobile
County SB, a Baldwin County SB, and a Baldwin County BB. The sea and bay breezes are
indicated by thin green lines of radar reflectivity, and they are also circled in orange.
One of the main reasons why SBs are an area of interest for forecasters is their ability to
spawn summertime thunderstorms, which is also known “convection initiation.” When seabreeze-driven convection produces rainfall over an area, the amount of rainfall over a given time
defines the rainfall rate. If the rainfall rate is high, flash flooding becomes a cause of concern.
However, forecasting the exact timing and location of SB-driven convection can be challenging,
and even though numerous severe weather indices (SWI) exist to aid forecasters in determining
weather type as well as severity, the question multiple researchers have asked is which SWIs
perform best when predicting certain types of weather. For example, Schultz (1989) used upperair data to determine the effectiveness of various SWIs in predicting “severe and significant
convective weather in the vicinity of Denver, Colorado.” The dataset was obtained from the
1985 Real-Time convection forecasting exercise that ran from mid-May through August 1985.
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The author computed seven SWIs: the positive buoyant energy (PBE) above the level of free
convection (LFC), precipitable water (PWAT), the K Index (KI), the Lifted Index (LI), the
Severe Weather Threat (SWEAT) Index, Total Totals (TT), and the wet-bulb zero height. After
performing statistical significance tests, the author determined that the SWEAT Index performed
best when predicting severe weather while the PBE performed best when predicting significant
weather. However, the author also noted that these results may not be applicable to other areas
of the country, which means that the indices would need to be reassessed for other regions.
Jacovides and Yonetani (1990) used upper-air data and surface observations to determine
the effectiveness of various SWIs in forecasting non-frontal thunderstorms in the Greater Cyprus
area of the Mediterranean. Their study focused on the months of March, April, and May from
the years 1970-1974 and 1984-1988. The final dataset from 1970-1974 consisted of 340 days,
and 50 of those days were classified as “thunderstorm days.” The final dataset from 1984-1988
consisted of 380 days, and 85 of those days were “thunderstorm days.” The authors then tested
six SWIs: the humidity index, the Pickup Index, KI, the Yonetani Index (YI), the modified
Yonetani Index (MYI), and the Showalter Index (SI). After performing statistical significance
tests, the authors determined that the YI and the MYI were the most successful “in the forecast of
air mass thunderstorms.”
Mueller et al. (1993) analyzed sounding and mesonet data from northeast Colorado to
determine if SWIs can be used for forecasting precisely when and where storms initiate along
boundary-layer convergence lines, which show up on radar as thin lines or “boundaries.” The
project ran from June 22, 1987 through August 8, 1987 and consisted of 850 soundings. The
authors examined the modified Lifted Index, the negative area below the LFC, and the vertical
shear of horizontal wind. However, it was determined that the soundings, which were taken in
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the morning, were only marginally useful in thunderstorm forecasting. The authors also noted
that the results are valid for “roughly neutral” summertime regions such as the High Plains. In
other words, techniques would have to be modified before being applied to areas with more
moisture, such as the southeastern US.
Fuelberg and Biggar (1994) analyzed geostationary satellite imagery as well as
radiosonde data to determine the best parameters for forecasting convection over the Florida
Panhandle. The authors studied the summers of 1990 and 1991 and divided the data into two
categories: synoptically “disturbed” and synoptically “undisturbed.” “Disturbed” refers to an
environment in which the synoptic scale set-up was unfavorable for SB development while
“undisturbed” refers to an environment in which the synoptic set-up was favorable for SB
development. The final dataset, which consisted of 115 “undisturbed” days, was then divided
into three subcategories: strong convection, weak convection, and no convection. The authors
calculated five SWIs: TT, SI, KI, LI, and surface-based Lifted Index (SLI). After performing
statistical significance tests, it was determined that the SLI was the most successful index in
terms of forecasting SB-driven convection.
Koch and Ray (1997) used Weather Surveillance Radar 1988 (WSR-88D) Doppler radar,
Geostationary Operational Environmental Satellite imagery, and hourly surface observations to
study various convergence zones and boundaries in North Carolina, including SBs. The authors
collected data from May 1994 to September 1994, and after excluding 27 days with partial data,
or days that were missing radar, satellite, and/or surface data, 23 days made it into the final
dataset. Ninety-five different types of boundaries were identified, and their interactions with
each other were divided into one of three categories: collisions, mergers, and intersections. SBs
characterized roughly 20% of the observed boundaries, and the authors determined that 74% of
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the SBs were autoconvective (meaning they produced thunderstorms on their own), while 88%
of SB interactions with other boundaries resulted in either new or intensified convection.
Sounding data was also used to determine six SWIs: LI, SI, TT, convective available potential
energy (CAPE), KI, and the SWEAT Index. The authors used the SWIs to see if they could
“determine the probability that a given boundary would be autoconvective.” However, when
they compared their results to a similar study done in Colorado, it was difficult to determine how
these indices could be used in forecasting autoconvective activity because more boundaries in
North Carolina were autoconvective. Boundaries in North Carolina were also more likely to
collide with each other than in Colorado, so any correlation between stability indices and
autoconvective activity was non-existent.
Medlin and Croft (1998) analyzed upper-air charts, radar, and satellite data to determine
when and where airmass thunderstorms develop in south Alabama during the summer months.
The authors collected data from June and July of 1996 and selected 13 days for the final dataset.
The final dataset consisted of days on which there were no mesoscale boundaries or deep
convection at 1200 Zulu Time (Z) (7:00 am Central Daylight Time [CDT]). This constraint was
imposed because the presence of mesoscale boundaries or deep convection at 1200 Z indicates
that the synoptic set-up was unfavorable for SB formation. The authors concluded that
convection initiation is a function of the 0-1 km base-state flow wind direction, the extent of the
interaction between the wind and physiographic features, and local sea and bay breezes. When
thunderstorms developed, they formed a “mirror image” on either side of Mobile Bay and were
concentrated near elevation peaks, along the SB, and at or near the intersections of the sea and
bay breezes.
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Kolakoski (2018) compiled radar and sounding data from the years 2005, 2006, 2007,
2010, 2012, and 2013. The radar images came from the WSR-88D in Mobile, Alabama
(KMOB) while the soundings came from the National Weather Service Forecast Office
(NWSFO) in Slidell, Louisiana (KLIX). Eight SWIs were calculated: KI, TT, Cross Totals,
Vertical Totals, CAPE, Deep Convective Index (DCI), SI, and LI. After performing statistical
significance tests, it was determined that the best parameter to indicate whether or not a SB will
produce convection is KI while the worst parameter is CAPE. Non-sea breeze (NSB) days were
not further divided into convective or non-convective cases, and it was stated that this should be
done in future work. Figure 2 depicts convection initiated by a Mobile County SB. The
convection is indicated by the green and yellow blobs. An orange line was added to the figure in
order to enhance the SB, and its convection is circled in orange. However, even though
attempting to determine whether or not a SB will produce convection is a challenge for
forecasters, another challenge is determining how much rainfall a SB will produce.
In order to determine the role the SB plays in the amount of rainfall in south Florida,
Burpee and Lahiff (1984) used surface, upper-air, precipitation, and satellite data. The authors
gathered data for June through September 1973-1976 and divided it into two categories:
disturbed days and SB days. However, it is important to note that some weaker SBs were still
present on some of the disturbed days. After comparing the data with records from the Florida
Keys, the authors determined that the SB circulations accounted for roughly 35-40% of the total
summer rainfall in South Florida. The authors also concluded that SBs have the potential to
produce more rainfall when there are high midtropospheric relative humidities and steep lower
tropospheric lapse rates. When these two factors come together, deep convection can develop
earlier and therefore reach its peak sooner. One other factor that can increase the amount of
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rainfall is the direction of the low-level winds. After analyzing the data, the authors concluded
that SBs can produce more rainfall when the wind blows parallel to the coastline of the
peninsula. When trying to determine a reason, the authors considered an argument from a lake
breeze study done in Chicago, which hypothesized that the LSTG is usually larger for parallel
flow than it is for perpendicular flow when all other conditions are equal. The authors concluded
that since a larger LSTG can enhance SB circulations, increased rainfall totals are to be expected.
Blanchard and López (1985) studied radar data from the National Weather Service WSR57 S-band radar in Coral Gables, Florida in order to gain a better understanding of rainfall
distribution across the Florida Peninsula, and a strong emphasis was placed on days with SBs
and lake breezes. The final data set consisted of 114 days from July and August 1975 and 1978,
and the days were sorted into one of four types. Convection on Type 1 days was “characterized
by early development of convection within the east coast sea-breeze convergence zone, followed
some time later by convection within the west coast sea-breeze convergence zone.” Type 2 days
were characterized by isolated, unorganized convection along both coasts. Type 3 days were
characterized “by an early onset of convection along both coasts,” and Type 4 days were
“synoptically disturbed” days that did not have sea or lake breezes. However, the authors noted
that the Type 4 days had “widespread, long-lived convection.” The authors then tested three
SWIs: LI, SI, and KI; however, it was determined that their statistical significance was only
applicable to three out of the six tested combinations. In the end, the authors determined that the
mean layer vector wind was “the most important variable to consider when determining
differences between the four types, since significant differences show up in five out of six
combinations.”
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Hill et al. (2010) analyzed hourly observations from land-based stations and buoys,
rawinsonde data, and radar data to determine how sea and land breezes affect convection in
Mississippi and Louisiana. The authors gathered data from June, July, and August for 2003-05
and selected 102 days – the days on which a sea and/or a land breeze occurred – for the final
dataset. After collecting the data, three SWIs were derived from the rawinsonde data: CAPE, KI,
and PWAT integrated between 1,000 millibars and 300 millibars. After performing statistical
significance tests, it was determined that higher PWAT values led to an increase in areal
precipitation coverage along the Mississippi coast. The compilation of average daily minimum
and maximum cross-shore temperature gradients suggested that sea and land breezes along the
Mississippi coast are stronger than sea and land breezes along the southeastern Louisiana coast.
In an appendix, the authors noted that they did not see a strong relationship between KI and the
probability of precipitation.
Numerical weather modeling can also be used to better understand SBs and their
associated convection. Baker et al. (2001) explored the role soil moisture, coastline curvature,
and land-breeze circulations play on SB-initiated precipitation. The 3D Goddard Cumulus
Ensemble cloud-resolving model coupled with the Goddard Parameterization for LandAtmosphere-Cloud Exchange land surface model were used to simulate a squall line that moved
through central Florida on July 27, 1991. The squall line formed when outflow boundaries from
convective west-coast SB cells collided with the east-coast SB front. After running eight
different simulations, the authors determined that the heaviest rainfall usually occurs over wet
soil and near convex coastlines. Early-morning land breezes resulted in earlier heavy rainfall.
However, due to a “nonlinear interaction between coastline curvature and initial soil moisture,”
coastline curvature and soil moisture alone did not account for the heavy precipitation.
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Zhang et al. (2005) simulated SB cases for June 23-28, 1978. The authors used the
National Centers for Environmental Prediction (NCEP) Mesoscale Spectral Model and coupled it
with an advanced Land Surface Model with 3-km horizontal grid spacing. After performing the
simulations, it was determined that while the models predicted the observed SB onset times,
durations, and vertical extents “reasonably well,” there were two main deficiencies. The first
deficiency, which was likely due to underestimating the trade wind speeds from the NCEPNCAR reanalysis data that was used in the model, was that the simulated SB speeds were about
2-3 ms-1 lower than observed SB speeds. The second deficiency, which was likely due to
underestimating daytime heat fluxes since the U.S. Geological Survey incorrectly classified lava
rocks as bare soil, was that the simulated horizontal penetration of SB was overestimated. The
authors noted that more research needs to be conducted in order to pinpoint the sources of the
aforementioned deficiencies.
Chen et al. (2016) used the Weather Research and Forecasting (WRF) Model to examine
the diurnal cycles of land and sea breezes and their precipitation over south China during the
mei-yu season, or May through June. The dataset included May 11 through June 24 for the years
2007, 2008, and 2009. The authors decided to focus on three main variables: coastal mountains,
dynamic forces, and thermodynamic forces. After running the simulations, the authors
determined that the idealized WRF experiment “verified well against three-year-averaged
ground-based radar, surface, and CMORPH [Climate Prediction Center Morphing Technique]
observations, along with the realistic diurnal variation and propagation of rainfall associated with
the land and sea breeze over south China.” However, the authors noted that deeper insight into
how coastal precipitation under the influence of a low-level jet works is a necessary subject for
further research. Future investigations should also incorporate higher spatial resolutions.
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Data & Methods
Data
In order to identify SBs and BBs in Mobile and Baldwin Counties in Southwest Alabama,
radar data from the KMOB WSR-88D radar site for the years 2011 – 2020 (SB Period), the
months of May through October, and the times between 1400 Z and 2359 Z (9:00 am CDT
through 6:59 pm CDT) were archived. Next, archived upper-air sounding data from the KLIX
NWSFO were obtained from the Atmospheric Soundings Page on the University of Wyoming’s
(UWYO) Department of Atmospheric Science website
(http://weather.uwyo.edu/upperair/sounding.html). Finally, statistics from the Storm Prediction
Center’s (SPC) Sounding Climatology Page (https://www.spc.noaa.gov/exper/soundingclimo/,
retrieved on March 23, 2022) were obtained for KLIX.
Methods
The GR2-Analyst radar display software was used to identify SBs and BBs in Mobile and
Baldwin Counties that were detected by the KMOB radar site. On radar imagery, SB and BB
fronts are indicated by thin, green/gray lines of reflectivity, such as in Figure 1. Convection is
indicated by green/yellow/red “blobs” of reflectivity, such as in Figures 2 and 3. Individual days
were then categorized as either a Dry SB Day, a Convective SB Day, a Dry NSB Day, or a
Convective NSB Day, to produce SB/BB case files. Even though the category names refer to
SBs, Dry BBs and Convective BBs are included in the Dry SB and Convective SB categories
respectively. Table 1 summarizes the four SB Categories explored in this study. Figure 1 shows
an example of a Dry SB Day, Figure 2 shows an example of a Convective SB Day, and Figure 3
shows an example of a Convective NSB Day. Because there is usually nothing to see on radar
imagery on Dry NSB Days, the category is not pictured. In Figure 1, the SB fronts along the
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Gulf of Mexico and the BB front along the eastern shore of Mobile Bay are indicated by the thin
lines of low reflectivity values (the greens and grays) that mimic the shape of the coastline. In
Figure 2, the SB front along the Alabama/Mississippi Gulf Coast is indicated by lower
reflectivity values while the convection (AKA storm cells) along and behind the SB front is
indicated by higher reflectivity values (the darker greens and yellows). In Figure 3, the thin lines
of lower reflectivity values are outflow boundaries from the storm cells that are spread out across
the domain of the radar image. It is important to note that I personally analyzed only the years
2014, 2017, and 2020. All other years were analyzed by fellow undergraduate students.
The Spyder environment was then used to write python code that read in both the
archived KLIX soundings and the SB/BB Case Files and calculated average (composite) SWIs
for each of the four SB categories. Figure 4 is a KLIX skew-T log-p (skew-T), which is a special
temperature-pressure chart that is used to visualize upper-air soundings. The black curve on the
right is the environmental temperature profile, the black curve on the left is the dew point
temperature profile, and the gray line indicates the parcel path. Wind speed and direction are
plotted using wind barbs on the right-hand side of the skew-T, and the SWIs are listed on the
right-hand side of the skew-T. In this study, eight composite SWIs were calculated for both
0000 Z (00 Z) and 1200 Z (12 Z) (7:00 pm CDT and 7:00 am CDT respectively) during the SB
Period: LI, KI, TT, CAPE, convective inhibition (CIN), SI, SWEAT, and PWAT.
When it comes to forecasting SBs, the 12 Z SWIs are usually considered more predictive,
because 12 Z (7 am CDT) is in the morning before SBs and BBs form. By 00 Z, daytime heating
is usually over, and the ground becomes too cold for SBs and BBs to form. However, it is also
important to note that 00 Z skew-Ts from a given day are actually from the night before because
00 Z is 7 pm CDT (i.e. a skew-T from 00 Z on 12 July is really from 7:00 pm CDT on 11 July).
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The python code could have been written to reassign the 00 Z skew-Ts to the correct day;
however, because this study was interested in determining the predictive value of the explored
SWIs, the 00 Z skew-Ts were not reassigned. Therefore, the 00 Z skew-Ts were used to assess
the predictive value of the SWIs from the night before SB formation while the 12 Z skew-Ts
were used to assess the predictive value of the SWIs from the morning of SB formation. In
Figures 4-7, example KLIX skew-Ts from the four SB categories explored in this study are
shown. Figure 4 is a 12 Z KLIX skew-T from a Dry SB Day, Figure 5 is a 12 Z KLIX skew-T
from a Convective SB Day, Figure 6 is a 12 Z KLIX skew-T from a Convective NSB Day, and
Figure 7 is a 12 Z KLIX skew-T from a Dry NSB Day. When examining the structures of the
four skew-Ts, it can be seen that both of the Dry skew-Ts in Figures 4 and 7 are characterized by
large differences between the temperature and the dew point temperature and an elevated
inversion in the temperature profile (AKA a capping inversion). Also note how the gray parcel
path never crosses the temperature profile. This observation indicates that there is no positive
buoyancy to lift the parcel and initiate convection. On the other hand, both of the Convective
skew-Ts in Figures 5 and 6 are characterized by small differences between the temperature and
the dew point temperature and display either small or nonexistent inversions. Also note how the
gray parcel path crosses the temperature profile and becomes warmer than the environment
around it. This observation indicates that there is positive buoyancy to lift the parcel and that
there is enough positive buoyancy to initiate convection. It is also important to note that both of
the NSB skew-Ts in Figures 6 and 7 have stronger on-shore winds in the lower levels than the
respective SB skew-Ts in Figures 4 and 5 do. This observation could indicate that wind speeds
in the morning need to be relatively light in order for a SB to form. Theoretically, examining
skew-Ts from the entire dataset would be the best way to determine key differences between the

11

four SB categories, but because manually examining skew-Ts from the entire SB Period would
be too labor-intensive, the composite SWIs for each SB category were examined in this study.
However, in order to determine which SWI is the best predictor of SB-driven convection, a basic
understanding of how each SWI is applied in forecasting and a way to categorize weather type
and severity were needed.
According to Vasquez (2015) and Rauber et al. (2017), LI is used to aid forecasters in
determining how stable the atmosphere is. If the atmosphere is unstable, convection can occur.
KI is used to aid forecasters in determining flash flooding potential. TT is used to aid forecasters
in determining how much moisture is in the atmosphere. TT is similar to KI, but it is not used to
determine flash flooding potential like KI is. CAPE is used to aid forecasters in determining the
positive buoyancy of a parcel; however, it is important to note that severe weather can still occur
even when CAPE values are relatively low. CIN is used to aid forecasters in determining the
negative buoyance a parcel must overcome before convection can form. If there is a capping
inversion on a skew-T, then there is CIN. However, because CIN is essentially the opposite of
CAPE, it should be noted that severe weather can still occur even when CIN values are relatively
high. In some cases with high CIN values, an event can actually be more severe if enough
daytime heating occurs because it can cause the parcels to become extremely unstable. These
extremely unstable parcels then accelerate upward at alarming rates, and this is sometimes called
“breaking the cap” because the parcels “broke through” the capping inversion. Like LI, SI is
used to aid forecasters in determining how stable the atmosphere is; however, it lifts a parcel of
air from 850 mb to 500 mb instead of from the surface to 500 mb. SWEAT is used to aid
forecasters in determining how the horizontal wind is changing with height (AKA the wind
shear). Wind shear can be particularly useful when diagnosing severe versus non-severe
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thunderstorms. The formulas for LI, KI, TT, CAPE, CIN, SI, and SWEAT, which were obtained
from UWYO’s Indices Page (http://weather.uwyo.edu/upperair/indices.html), are:
LI = T500 – Tparcel,
KI = (T850 – T500) + Td850 – (T700 – Td700),
TT = (T850 – T500) + (Td850 – T500),
𝑯

CAPE = g∑𝑯𝑬𝑳
𝑳𝑭𝑪
𝑯

CIN = g∑𝑯𝑳𝑭𝑪
𝑻𝑴𝑳

𝑻𝒑 𝑻𝒆
𝑻𝒆

𝑻𝒑 𝑻𝒆
𝑻𝒆

∆𝑯, with Tp-Te > 0,

∆𝑯, with Tp-Te < 0,

SI = T500 – Tparcel, and
SWEAT = 12*Td850 + 20*TERM2 + 2*SKT850 + SKT500 + SHEAR, where
T500 is the temperature (in Celsius) of the environment at 500 mb,
Tparcel [in the LI formula] is the 500 mb temperature (in Celsius) of a
lifted parcel with the average pressure, temperature, and dewpoint
of the layer 500 m above the surface; Tparcel [in the SI formula]
is the 500 mb temperature (in Celsius) of a parcel lifted
from 850 mb,
T850 is the temperature (in Celsius) of the environment at 850 mb,
Td850 is the dewpoint temperature (in Celsius) of the environment
at 850 mb,
T700 is the temperature (in Celsius) of the environment at 700 mb,
Td700 is the dewpoint temperature (in Celsius) of the environment
at 700 mb,
g is the acceleration of gravity,
HEL is the height (H) of the Equilibrium Level (EL),
13

HLFC is the H of the LFC,
∆𝑯 is the incremental depth and equals Hi+1 - Hi,
Tp is the temperature of a parcel from the lowest 500 m of the atmosphere
that is raised dry adiabatically to the Lifting Condensation Level and
moist adiabatically thereafter,
Te is the temperature of the environment,
HTML is the H of the Top of the Mixed Layer (TML),
TERM2 is equal to MAX (TT – 49, 0),where TT is the Total Totals Index,
SKT850 is the wind speed (in knots) at 850 mb,
SKT500 is the wind speed (in knots) at 500 mb, and
SHEAR is equal to 125*[SIN (θ500 – θ850) + 0.2] {θ500 is the
wind direction at 500 mb, and θ850 is the wind direction
at 850 mb}.
Table 2 indicates the kind of weather that is typically associated with a range of values of
the LI SWI. It is color-coded so that LI values typically associated with “rain unlikely” are in
light green, “rain possible” values are in yellow, and “thunderstorms possible” values are in
orange. Table 3 indicates the kind of weather that is typically associated with a range of values
of the KI SWI, and it is color-coded so that KI values typically associated with “heavy rain
unlikely” are in light green, “heavy rain possible” values are in yellow, and “heavy rain with
flooding possible” values are in orange. Table 4 indicates the kind of weather that is typically
associated with a range of values of the TT SWI. It is also color-coded so that TT values
typically associated with “thunderstorms unlikely” are in light green, “thunderstorms possible”
values are in orange, and “severe thunderstorms possible” values are in red. Table 5 indicates
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the kind of weather that is typically associated with a range of values of the CAPE SWI, and the
table also color-coded so that CAPE values typically associated with “thundershowers possible”
are in light orange, “thunderstorms possible” values are in orange, and “severe thunderstorms
possible” values are in red. Table 6 indicates how a few values of the CIN SWI can affect the
weather that is observed. The table is also color-coded so that CIN values typically associated
with “weak (convection likely)” are in orange, “moderate (convection possible)” values are in
yellow, and “strong (convection unlikely)” values are in light green. Table 7 indicates the kind
of weather typically associated with a few values of the SI SWI, and the table is color coded so
that SI values typically associated with “rain possible” are in yellow, “thundershowers possible”
values are in light orange, and “thunderstorms possible” values are in orange. Finally, Table 8
indicates the kind of weather typically associated with a few values of the SWEAT SWI. The
table is color-coded so that SWEAT values typically associated with “thunderstorms possible”
are in orange, “severe thunderstorms possible” values are in red, and “tornadoes possible” values
are in dark red.
According to the Glossary of Meteorology on the American Meteorological Society’s
(AMS) website (https://glossary.ametsoc.org/wiki/Precipitable_water, accessed on March 06,
2022), PWAT is the amount of atmospheric water vapor that is contained in a vertical column of
air, and even though actual rainfall amounts can vary, there is a correlation between the rainfall
amount and the PWAT. The formula for PWAT, which was also obtained from the AMS
Glossary, is:
PWAT =

𝟏

𝒑𝟐

∫ 𝒙 𝒅𝒑, where
𝝆𝒈 𝒑𝟏

ρ is the density of water,
g is the acceleration of gravity,
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p1 is the pressure level at the surface,
p2 is the pressure level at the top of the atmosphere, and
x is the mixing ratio.
Because it can be difficult to determine the kind of weather typically associated with
different PWAT values, the KLIX sounding climatology statistics that were obtained from SPC
were used. Specifically, the 00 Z and 12 Z PWAT values that were calculated by the python
code were compared with their respective moving average values from SPC. Figure 8 shows a
screen-shot of the SPC sounding climatology for PWAT at 00 Z at KLIX. The median of the
moving average of PWAT (MMA) is the thick black line in the center of the graph, the 75 th
percentile of the moving average of PWAT (75%) is the brown line above the MMA line, and
the 25th percentile of the moving average of PWAT (25%) is the brown line below the MMA
line. Because the 25% and 75% lines represent the spread of the data, these lines were chosen as
the threshold values for PWAT. However, it is important to note that the MMA, 75%, and 25%
values change daily, so in order to be truly accurate, the python code would have needed to
calculate average PWAT values for each day in the SB Period. Because the python code only
calculated monthly averages as well as an overall SB Period average, the highest median moving
average (HMMA) in each month was used in order to maintain some kind of consistency from
month to month. Once the HMMA for each month was determined, the corresponding 75% and
25% values were read from the SPC sounding climatology page. For example, Figure 8
indicates that the HMMA for May occurred on 31 May with a value of 1.42 inches, and the
corresponding 25% and 75% values were 1.19 inches and 1.66 inches. These HMMA, 25%, and
75% values can also be seen in Table 9. From these values, averages over six months for
HMMA, 75%, and 25% were calculated. However, it is important to note that SPC displays
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PWAT values in inches while Wyoming and the python code calculate PWAT values in
millimeters, so the SPC values were converted from inches into millimeters. Table 9 lists the
SPC KLIX sounding climatology statistics for 00 Z in both inches and millimeters, and Table 10
lists the SPC KLIX sounding climatology statistics for 12 Z in both inches and millimeters. In
order to make it easier to find the threshold values, the values in the “25% - mm (inches)” row
are in brown text, and the values in the “75% - mm (inches)” row are in green text in both Tables
9 and 10. Finally, in order to determine if a python-calculated PWAT value was “wet,” “dry,” or
“normal,” the rule 25% < PWAT < 75% was used. Calculated PWAT values that fell below 25%
were deemed “dry,” calculated PWAT values that fell between 25% and 75% were deemed
“normal,” and calculated PWAT values that fell above 75% were deemed “wet.” Table 11
indicates how a python-calculated PWAT value compares with its respective HMMA value from
SPC, and the table is color-coded so that “wetter than normal” values are in green, “normal”
values are in light blue, and “drier than normal” values are in brown.
When applying SWIs in forecasting, it is important to remember that they can either
enhance each other or cancel each other out. For example, the Dry SB skew-T in Figure 4 has an
LI value of 3.97, a KI value of -42.3, a TT value of 11.40, a CAPE value of 0.00 J/kg, a CIN
value of 0.00 J/kg, an SI value of 16.14, a SWEAT value of 31.99, and a PWAT value of 18.29
mm. Taking into account that the Dry SB skew-T is from 12 Z in July, then according to Tables
2-8 and Tables 10 and 11, these SWI values fall into the “rain unlikely,” “heavy rain unlikely,”
“thunderstorms unlikely,” “thundershowers possible,” “weak (convection likely),” “rain
possible,” “thunderstorms possible,” and “PWAT drier than normal” typical weather categories.
Note how half of the SWIs (LI, KI, TT, and PWAT) indicates that convection will not take place
while the other half (CAPE, CIN, SI, and SWEAT) indicates that convection is possible.
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However, it is also important to note that despite the fact that the CAPE value falls into the
“thundershowers possible” typical weather category, the actual value is 0.00 J/kg, which means
that there is no positive buoyancy to lift a parcel of air. The PWAT value is also 18.29 mm, and
when looking at the July column of Table 10, it can be seen that the corresponding 25% value is
41.402 mm, which means that not only is the PWAT value drier than normal, it is more than 20
mm drier, indicating that there is not enough moisture in the atmosphere for convection to form.
Similar observations can be made when looking at the Dry NSB skew-T in Figure 7: LI of 4.03
indicates “rain unlikely,” KI of -20.7 indicates “heavy rain unlikely,” TT of 4.40 indicates
“thunderstorms unlikely,” CAPE of 0.00 J/kg indicates “thundershowers possible,” CIN of 0.00
J/kg indicates “weak (convection likely),” SI of 16.47 indicates “rain possible,” SWEAT of
37.00 indicates “thunderstorms possible,” and PWAT of 22.25 mm indicates “PWAT drier than
normal.” Once again, the PWAT and CAPE values indicate that there is not enough moisture in
the atmosphere for convection to form and that there is no positive buoyancy to lift a parcel.
Therefore, despite the fact that the SWIs conflict with each other, the low PWAT and CAPE
values may explain why the “unlikely” values dominated and why the skew-Ts were ultimately
categorized as Dry SB and Dry NSB Days.
SWIs can also enhance each other or cancel each other out on days when convection does
form. For example, the Conv SB skew-T in Figure 5 has an LI value of -2.77, a KI value of
26.20, a TT value of 44.30, a CAPE value of 707.8 J/kg, a CIN value of -55.2 J/kg, an SI value
of 0.90, a SWEAT value of 179.4, and a PWAT value of 50.79 mm. Taking into account that the
Conv SB skew-T is from 12 Z in July, then according to Tables 2-8 and Tables 10 and 11, these
SWI values fall into the “thunderstorms possible,” “heavy rain unlikely,” “thunderstorms
possible,” “thundershowers possible,” “strong (convection unlikely),” “thundershowers
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possible,” “thunderstorms possible,” and “PWAT near normal” typical weather categories. Note
how only two SWIs (KI and CIN) lean towards no convection while the other six (LI, TT,
CAPE, SI, SWEAT, and PWAT) lean towards convection of some kind. The PWAT might be
“near normal,” but it is also important to remember that the 25% and 75% values that correspond
with the highest MMA of a given month were used in this study. Because the HMMA for each
month was used, these results may indicate that choosing values from the middle of the month
would produce more conclusive results. Similar observations can be made when looking at the
Conv NSB Skew-T in Figure 6: LI of -4.69 indicates “thunderstorms possible,” KI of 28.30
indicates “heavy rain unlikely,” TT of 44.00 indicates “thunderstorms possible,” CAPE of 1,715
J/kg indicates “thunderstorms possible,” CIN of -75.0 J/kg indicates “strong (convection
unlikely),” SI of 3.00 indicates “rain possible,” SWEAT of 118.6 indicates “thunderstorms
possible,” and PWAT of 40.12 mm indicates “PWAT near normal.” Once again, two SWIs
indicate that convection will not form while the other six indicate that convection will form, and
even though the PWAT is “near normal,” it can still indicate that there is enough moisture in the
atmosphere for convection to form. Therefore, despite the fact that not all of the SWIs agree, the
fact that more than half of the SWIs indicate that convection will form may explain why the
“likely” values dominated and why the skew-Ts were ultimately categorized as Conv SB and
Conv NSB Days.
Because this study was largely inspired by an Honors Thesis (Kolakoski 2018), it is
necessary to clarify how this work builds on and differs from the 2018 study. For example,
Kolakoski had noted that the NSB days were not divided into convective and dry days and that it
should be done in future work. Therefore, dry and convective NSB categories were added in this
study. In the 2018 study, the SB categories were divided into days that only had a dry SB, days
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that only had a dry BB, days that had both a dry SB and a dry BB, and corresponding convective
versions. However, because the purpose of this study was to determine key differences between
days that had either a SB and/or a BB and days that had nothing, the SB and BB categories were
combined. These category changes resulted in four categories that were explored in this study
(Dry SB, Conv SB, Dry NSB, and Conv NSB) as opposed to the more than six categories that
were explored in the 2018 study. This study also increased the number of years that were
examined – the years included in the 2018 study were 2005 – 2007, 2010, 2012, and 2013 (six
years) while the years included in this study were 2011 – 2020 (ten years). This change is
partially because more data was available by the time this study was organized and partially
because a continuous dataset was deemed more desirable than a noncontinuous dataset. Further,
this study included more SWIs. The 2018 study explored six SWIs: LI, KI, TT, CAPE, SI, and
the DCI. This study explored eight SWIs: LI, KI, TT, CAPE, CIN, SI, SWEAT, and PWAT.
The decision to include more SWIs was to see if a previously untested SWI might be better in
determining differences between SB and NSB categories. However, DCI was not tested in this
study because the soundings from the UWYO page do not calculate it. This observation leads
into another difference between the two studies: how the composite SWIs were calculated. The
2018 study read in raw sounding data from the National Oceanic and Atmospheric
Administration (NOAA) and calculated individual and composite SWIs from there. Because
UWYO does calculate SWIs for a given sounding while NOAA does not, this study read in
sounding data from UWYO and calculated an arithmetic average of the desired SWIs. One of
the final key differences between this study and the 2018 study is how the various “threshold
values” for each SWI were discussed. For example, the 2018 study simply listed values for the
explored SWIs and categorized them as Low, Marginal, Moderate, High, or Extreme. The study
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then performed statistical significance tests to determine which SWI was best at determining
whether or not a SB would produce convection. On the other hand, this study went into more
detail about the kind of weather that is typically associated with different SWI ranges as well as
how SWIs can either enhance each other or cancel each other out. Instead of performing
statistical significance tests on the explored SWIs to determine differences between SB
categories, this study uses the “typical weather categories” that were discussed earlier to
determine differences between the SB categories.
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Results & Discussion
In order to determine which SWI is the best predictor of SB-driven convection, the
results are visualized both categorically and numerically. Tables 12 through 19 show the monthby-month and SB Period average (or composite) SWIs for an individual SB category and
categorize the values based on the “typical weather category.” Tables 20 and 21 also categorize
values based on “typical weather category.” However, the only results displayed in the tables are
the overall averages for the entire SB Period. The overall averages were also used to determine
which SWI is the best predictor of SB-driven convection.
Table 12 shows month-by-month and overall composite SWI values for 00 Z across all
ConvSB Days in 2011-2020. Table 13 shows month-by-month and overall composite SWI
values for 12 Z across all ConvSB Days in 2011-2020. When comparing the two tables, it can be
seen that LI, TT, CAPE, PWAT, and SWEAT are the only SWIs that place each month into the
same “typical weather” category, regardless of sounding time (00 Z or 12 Z). For example,
SWEAT places each month into the “Thunderstorms Possible” range at both 00 Z and 12 Z, and
CAPE places May and October into the “Thundershowers Possible” range and June, July,
August, September, and the SB Period into the “Thunderstorms Possible” range at both 00 Z and
12 Z. KI, CIN, and SI are not as consistent. For example, KI places July and August into the
“Heavy Rain Possible” range at 00 Z but into the “Heavy Rain Unlikely” range at 12 Z; however,
it is important to note that the July and August KI values at 12 Z – 29.47 and 29.72 respectively
– are close to the “Heavy Rain Possible” range. Despite some of the differences, both Table 12
and Table 13 indicate that “Thunderstorms Possible” is the most common “typical weather”
category for ConvSB Days and that October seems to lean more towards the “Rain Possible”
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range. However, it is important to remember that the “Rain Possible” category is still a
reasonable result for ConvSB Days because it still indicates that convection is possible.
Table 14 shows month-by-month and overall composite SWI values for 00 Z across all
ConvNSB Days in 2011-2020. Table 15 shows month-by-month and overall composite SWI
values for 12 Z across all ConvNSB Days in 2011-2020. When comparing the two charts, it can
be seen that LI, TT, PWAT, and SWEAT are the only SWIs that place each month into the same
“typical weather” category, regardless of sounding time. For example, SWEAT places each
month into the “Thunderstorms Possible” range at both 00 Z and 12 Z, and the only month LI
places into the “Rain Possible” range at both 00 Z and 12 Z is October. The other months and
the SB Period fall within the “Thunderstorms Possible” range for LI at both 00 Z and 12 Z. KI,
CAPE, CIN, and SI are not as consistent. For example, SI places both May and October into the
“Rain Possible” range at 00 Z, but October is the only month in the “Rain Possible” range at 12
Z. Despite these differences, both Table 14 and Table 15 indicate that “Thunderstorms Possible”
is the most common “typical weather” category for ConvNSB Days and that October seems to
lean towards the “Rain Possible” range.
Table 16 shows month-by-month and overall composite SWI values for 00 Z across all
DrySB Days in 2011-2020. Table 17 shows month-by-month and overall composite SWI values
for 12 Z across all DrySB Days in 2011-2020. When comparing the two charts, it can be seen
that KI, CAPE, CIN, SI and SWEAT are the only SWIs that place each month into the same
“typical weather” category. For example, KI places each month into the “Heavy Rain Unlikely”
range at both 00 Z and 12 Z, and SI only places August into the “Thundershowers Possible”
range at both 00 Z and 12 Z. The other months and the SB Period fall within the “Rain Possible”
range for SI at both 00 Z and 12 Z. LI, TT, and PWAT are not as consistent. For example, LI

23

places September into the “Thunderstorms Possible” range at 00 Z but into the “Rain Possible”
range at 12 Z. Despite some of these differences, both Table 16 and Table 17 indicate that even
though convection may seem possible, PWAT is usually too dry to support convection, and CIN
is a limiting factor as well due to the large negative numbers that are highlighted in light green
(“Strong (Convection Unlikely)” values) in both Tables 16 and 17.
Table 18 shows month-by-month and overall composite SWI values for 00 Z across all
DryNSB Days in 2011-2020. Table 19 shows month-by-month and overall composite SWI
values for 12 Z across all DryNSB Days in 2011-2020. When comparing the two charts, it can
be seen that LI, TT, and SWEAT are the only SWIs that place each month into the same “typical
weather” category. For example, SWEAT places each month into the “Thunderstorms Possible”
range at both 00 Z and 12 Z, and TT places May, September, October, and the SB Period into the
“Thunderstorms Unlikely” range at both 00 Z and 12 Z and June, July, and August into the
“Thunderstorms Possible” range at both 00 Z and 12 Z. KI, CAPE, CIN, PWAT, and SI are not
as consistent. For example, CAPE places July into the “Thunderstorms Possible” range at 00 Z
but into the “Thundershowers Possible” range at 12 Z. Despite these differences, both Table 18
and Table 19 indicate that while convection may seem possible, PWAT is usually too dry to
support convection, and CIN is also a limiting factor.
Table 20 shows the composite SWI values for 00 Z across all SB Categories throughout
the entire SB Period. Table 21 shows the composite SWI values for 12 Z across all SB
Categories throughout the entire SB Period. When comparing the two tables, it can be seen that
there is consistency between the time frames because each SWI places a given SB Category into
the same “typical weather” category at both times. Therefore, the same predictive value exists at
both the morning of the event as well as the night before the event. For example, LI places the
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ConvSB category into the “Thunderstorms Possible” range at both 00 Z and 12 Z. It can also be
seen that LI, TT, CAPE, and SI place both of the Convective SB categories into one “typical
weather” category and both of the Dry SB categories into a second “typical weather” category.
For example, TT places the ConvSB and the ConvNSB categories into the “Thunderstorms
Possible” range and the DrySB and the DryNSB categories into the “Thunderstorms Unlikely”
range. It should also be noted that PWAT is the only SWI that not only distinguishes between
the Dry SB categories and the Convective SB categories, it also distinguishes between the
ConvSB and the ConvNSB categories because the ConvNSB category is the only category that
falls within the “PWAT Wetter than Normal” range at both times. These observations indicate
that there are ways to distinguish between the Convective SB categories and the Dry SB
categories. These observations are also indicated in Figures 9 – 17, which visualize the
composite SWI values numerically rather than categorically.
Figure 9 depicts the composite LI values for all of the SB categories throughout the entire
SB Period. The 00 Z ConvSB category is in light green, the 12 Z ConvSB category is in light
green, the 00 Z ConvNSB category is in green, the 12 Z ConvNSB category is in green, the 00 Z
DrySB category is in orange, the 12 Z DrySB category is in orange, the 00 Z DryNSB category
is in gold, and the 12 Z DryNSB category is in gold. All 00 Z categories are in dashed line styles
with circular markers, and all 12 Z categories are in dotted line styles with square markers. The
black horizontal line on the graph marks the threshold between the “rain unlikely” typical
weather category and the “rain possible” typical weather category. Values that fall on or above
the line indicate that convection is unlikely to form while values that fall below the line indicate
that convection is possible. Note how only the Dry SB categories ever fall on or above the
threshold line. Also note how even though the “overall” values for the Dry SB categories fall
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below the threshold line, they are the only “overall” values that are greater than zero. These
observations indicate that LI is capable of discriminating between dry days and convective days.
Figure 10 uses the same color scheme as Figure 9 but depicts the composite KI values.
Its threshold line marks the boundary between the “heavy rain unlikely” typical weather category
and the “heavy rain possible” typical weather category. Values that fall on or above the line
indicate that heavy rain is possible while values that fall below the line indicate that heavy rain is
unlikely. Note that while all of the convective categories rarely cross the threshold line, they are
usually at or near it. Also note that while all of the dry categories peak in August, the 00 Z
DryNSB category actually crosses the threshold line and peaks above every other category
except for the 12 Z ConvNSB category. However, when looking at the “overall” values for the
categories, the convective categories are all above 25 while the dry categories are all below 15.
These observations indicate that while convective days might not always have a “favorable” KI
value, KI can still discriminate between dry days and convective days.
Figure 11 depicts the composite TT values. Its threshold line marks the boundary
between the “thunderstorms unlikely” typical weather category and the “thunderstorms possible”
typical weather category. Values that fall on or below the line indicate that thunderstorms are
unlikely while values that fall above the line indicate that thunderstorms are possible. Note how
even the dry categories appear to lean towards the “thunderstorms possible” category while there
are times when even the convective categories fall into the “thunderstorms unlikely” category.
However, the most notable split is in the “overall” values because it is the only period where all
of the convective categories fall into the “thunderstorms possible” range while all of the dry
categories fall into the “thunderstorms unlikely” range. These observations indicate that while
TT may vary from month to month, it is a great indicator of dry versus convective days.
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Figure 12 depicts the composite CAPE values. Its threshold line marks the boundary
between the “thundershowers possible” typical weather category and the “thunderstorms
possible” typical weather category. Values that fall on or below the line indicate that
thundershowers are possible while values that fall above the line indicate that thunderstorms are
possible. Note how all of the categories are near, on, or above the line from June through August
but are below the line in October. However, like the TT graph in Figure 11, the most notable
split for CAPE is in the “overall” values because it is the only period where all of the convective
categories fall into the “thunderstorms possible” range while all of the dry categories fall into the
“thundershowers possible” range. These observations indicate that CAPE is also a good
indicator of dry versus convective days.
Figure 13 depicts the absolute value of the composite CIN values. Its threshold line
marks the boundary between the “strong (convection unlikely)” typical weather category and the
“moderate (convection possible)” typical weather category. Values that fall on or below the line
indicate that convection is possible while values that fall above the line indicate that convection
is unlikely. Note how all of the categories rarely fall below the line. If any values do fall below
the line, they never fall lower than 15 J/kg. There is also no clear “split” between the dry
categories and the convective categories. These observations indicate that CIN is not a good
indicator of dry versus convective days.
Figure 14 depicts the composite SI values. Its threshold line marks the boundary between
the “rain possible” typical weather category and the “thundershowers possible” typical weather
category. Values that fall on or above the line indicate that rain is possible while values that fall
below the line indicate that thundershowers are possible. Note how while none of the categories
are either always above the threshold line or always below the threshold line, the dry categories
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are the only ones that ever reach an SI value of six or greater while the 00 Z ConvSB category is
the only one that falls below zero. There are also splits between the dry and convective
categories in the September values as well as in the “overall” values because all of the dry
categories are above the threshold line while all of the convective categories are below the
threshold line. These observations indicate that SI is a good indicator of dry versus convective
days.
Figure 15 depicts the composite SWEAT values. Because all of the SWEAT values fall
within one typical weather category, no threshold line was added to the graph. However, note
how the slopes of the lines are very similar to those seen in the CAPE graph in Figure 12. Some
of the highest SWEAT values are seen in June, July, and August, and some of the lowest values
are seen in October. There is also a split in the “overall” values around the 160 gridline. All of
the dry categories fall below the 160 gridline while all of the convective categories fall above the
160 gridline. These observations indicate that while SWEAT might not be the best indicator of
dry versus convective days, it can make a few distinctions between the two categories.
Figure 16 depicts the composite PWAT values. Because the threshold values for PWAT
change from month to month, no threshold line was added to the graph. However, note how all
of categories follow the same general slope. Each category reaches its highest value in either
July or August and its lowest value in either May or October. The ConvNSB categories also
consistently and clearly have the highest values of PWAT. There are also a couple of splits
between the dry and convective categories around the 35 mm gridline. In May, all of the dry
categories fall below the 35 mm gridline while all of the convective categories fall above the 35
mm gridline. The same observation holds true for the “overall” values. These observations
indicate that PWAT is also a good indicator of dry versus convective days.
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Figure 17 depicts the normalized SWI values for all of the SB categories for the overall
SB period. LI is in blue, KI is in orange, TT is in red, CAPE is in light orange, CIN is in light
blue, SI is in dark green, SWEAT is in purple, and PWAT is in pink. For LI, CIN, and SI, values
closer to zero indicate that convection is likely (orange categories in Tables 2, 6, and 7). For KI,
TT, CAPE, and SWEAT, values closer to one indicate that convection is likely (orange
categories in Tables 3, 4, 5, and 8). For PWAT, values closer to one indicate that PWAT is
wetter than normal (green category in Table 9). Note how KI, TT, CAPE, SI, SWEAT, and
PWAT have the sharpest differences between the 12 Z ConvNSB category and the 00 Z DrySB
category. This observation is indicated by the steepness of the slopes between the two categories
for each SWI. LI also has a steep slope between the two categories, but the same slope is
maintained up to the 12 Z DrySB category. KI, TT, CAPE, SI, SWEAT, and PWAT differ
because the slopes on either side of the steepest slope are more gradual. However, one
interesting thing to note about the LI line is when each category reaches its minimum and
maximum values. For example, both of the convective categories reach their minima at 12 Z and
their maxima at 00 Z. On the other hand, both of the dry categories reach their maxima at 12 Z
and their minima at 00 Z. This observation indicates that convection is more likely to form if the
LI decreases overnight. Given that LI is one of the SWIs where the lower the value, the more
unstable the environment, this observation makes sense.
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Conclusions
Of the eight SWIs tested in this study, the Total Totals Index produced the most
conclusive result. According to Tables 4, 20, and 21, both of the Convective SB categories –
ConvSB and ConvNSB – fall within the “Thunderstorms Possible” TT range while both of the
Dry SB categories – DrySB and DryNSB – fall within the “Thunderstorms Unlikely” TT range.
Precipitable Water also produced a conclusive result. According to Tables 11, 20, and 21, the
ConvSB category falls within the “PWAT near Normal” PWAT range, the ConvNSB category
falls within the “PWAT Wetter than Normal” PWAT range, and both Dry categories fall within
the “PWAT Drier than Normal” PWAT range. Both of these conclusions make sense because
thunderstorms need sufficient moisture in order to form, and they can form even if PWAT is
either near normal or wetter than normal. Conversely, they are more unlikely to form if PWAT
is drier than normal. Further, because PWAT was the only SWI that not only distinguished
between the Dry SB categories and the Convective SB categories but also distinguished between
the ConvSB and the ConvNSB categories, it could be concluded that PWAT is the best SWI for
determining if convection is going to be produced by a SB or by other lifting mechanisms.
Overall, the Lifted Index and convective inhibition produced the most interesting results.
According to Tables 2, 20, and 21, both of the Convective categories fall within the
“Thunderstorms Possible” LI range while both of the Dry categories fall within the “Rain
Possible” LI range. Despite the fact that there are discernible differences between Convective
and Dry categories, the Dry results are not what was expected because the more expected LI
range for the Dry categories would be “Rain Unlikely.” CIN also produced an interesting result.
According to Tables 6, 20, and 21, all of the SB Categories fall within the “Strong (Convection
Unlikely)” CIN range. However, by definition, the ConvSB and ConvNSB categories are
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associated with convection, and the expected CIN ranges would be either “Moderate
(Convection Possible)” or “Weak (Convection Likely).” Therefore, despite the fact that all of
the SB Categories fall within the “Strong (Convection Unlikely)” CIN range, convection can still
occur, especially when other SWIs are taken into account.
When comparing the results produced in this study with other work, it can be seen that
there are some differences. For example, Kolakoski (2018) concluded that the best SWI to
indicate whether or not a SB will produce convection is KI while this study concluded that
PWAT gives a better indication. Two reasons for this difference could be: 1) the fact that PWAT
was not one of the tested SWIs in Kolakoski (2018) and 2) the fact that Kolakoski (2018
performed statistical significance tests on the parameters while this study used the typical
weather categories. In fact, PWAT was only explored in two other studies that were used as
background for this study: Schultz (1989) and Hill et al. (2010). After performing statistical
significance tests, Schultz (1989) concluded that SWEAT performed best when predicting severe
weather. However, because Shultz (1989) was more interested in severe weather and not in SBdriven convection, this conclusion might not apply to this study. Hill et al. (2010), on the other
hand, was more interested in how SB-driven convection affects precipitation coverage. After
performing statistical significance tests, Hill et al. (2010) also concluded that PWAT performed
the best, even though the study did not explore NSB days. Therefore, in order to properly gauge
how well the SWIs that were explored in this study performed, statistical significance tests
should be performed in future work.
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List of Abbreviations
1.

LSTG = Land-Sea Temperature Gradient

2.

PBE = Positive Buoyant Energy

3.

LFC = Level of Free Convection

4.

PWAT = Precipitable Water

5.

KI = K Index

6.

LI = Lifted Index

7.

TT = Total Totals

8.

YI = Yonetani Index

9.

MYI = Modified Yonetani Index

10.

SI = Showalter Index

11.

SLI = Surface-Based Lifted Index

12.

WSR-88D = Weather Surveillance Radar 1988 Doppler Radar

13.

CAPE = Convective Available Potential Energy

14.

Z = Zulu Time

15.

CDT = Central Daylight Time

16.

KMOB = Mobile, Alabama WSR-88D Radar Site

17.

NWSFO = National Weather Service Forecast Office

18.

KLIX = Slidell, Louisiana NWSFO

19.

SB = Sea Breeze

20.

BB = Bay Breeze

21.

NSB = Non-Sea Breeze

22.

NCEP = National Centers for Environmental Prediction
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23.

WRF = Weather Research and Forecasting

24.

UWYO = University of Wyoming

25.

SPC = Storm Prediction Center

26.

SWI = Severe Weather Index

27.

Skew-T = Skew-T Log-P Diagram

28.

CIN = Convective Inhibition

29.

SWEAT = Severe Weather Threat Index

30.

EL = Equilibrium Level

31.

TML = Top of the Mixed Layer

32.

AMS = American Meteorological Society

33.

MMA = Median Moving Average

34.

75% = 75% Moving Average

35.

25% = 25% Moving Average

36.

HMMA = Highest Median Moving Average

37.

DCI = Deep Convective Index

38.

NOAA = National Oceanic and Atmospheric Administration
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Figures

Mobile
Bay

Figure 1: KMOB WSR-88D Radar Image of a Dry SB and BB Day in SW AL from 1747 Z on
July 5, 2014. The SBs and BB are circled in orange.

Mobile
Bay

Figure 2: As Figure 1 but for a Convective SB Day in Mobile County from 1827 Z on July 10,
2017. An orange line was added to enhance the SB, and its convection is circled in orange.
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Mobile
Bay

Figure 3: As Figure 1 but for a Convective NSB Day in SW AL from 2009 Z on May 24, 2020.

Figure 4: 12 Z KLIX Skew-T of a Dry SB Day on July 5, 2014, with the environmental
temperature profile (black curve on right), the dew point temperature profile (black curve on
left), and the parcel path (gray line). Wind speed and direction are plotted using wind barbs on
the right-hand side of the Skew-T, and the SWIs are listed on the right-hand side of the Skew-T.
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Figure 5: As Figure 4 but for a Convective SB Day on July 10, 2017.

Figure 6: As Figure 4 but for a Convective NSB Day on May 24, 2020.
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Figure 7: As Figure 4 but for a Dry NSB Day on May 4, 2018.

Figure 8: Screen-shot of the SPC Sounding Climatology for PWAT based on 00 Z soundings
from January 11, 2001 through October 29, 2019 (14,078 soundings). Used in this study are the
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Median of the Moving Average of PWAT (MMA, thick black line), the 75 th percentile of the
Moving Average of PWAT (75%, brown line above the MMA line), and the 25 th percentile of
the Moving Average of PWAT (25%, brown line below the MMA line).

Composite LI Values for All SB Categories Throughout SB Period
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Figure 9: Composite LI values for SB categories throughout SB Period, with the 00 Z ConvSB
category (light green, dashed line), the 12 Z ConvSB category (light green, dotted line), the 00 Z
ConvNSB category (green, dashed line), the 12 Z ConvNSB category (green, dotted line), the 00
Z DrySB category (orange, dashed line), the 12 Z DrySB category (orange, dotted line), the 00 Z
DryNSB category (gold, dashed line), and the 12 Z DryNSB category (gold, dotted line). The
black horizontal line on the graph marks the threshold between the “rain unlikely” typical
weather category and the “rain possible” typical weather category. Values that fall on or above
the line indicate that convection is unlikely to form while values that fall below the line indicate
that convection is possible.
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Composite KI Values for All SB Categories Throughout SB Period
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Figure 10: As Figure 9 but for KI. Its threshold line marks the boundary between the “heavy
rain unlikely” typical weather category and the “heavy rain possible” typical weather category.
Values that fall on or above the line indicate that heavy rain is possible while values that fall
below the line indicate that heavy rain is unlikely.

Composite TT Values for All SB Categories Throughout SB Period
Total Totals Value
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Figure 11: As Figure 9 but for TT. Its threshold line marks the boundary between the
“thunderstorms unlikely” typical weather category and the “thunderstorms possible” typical
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weather category. Values that fall on or below the line indicate that thunderstorms are unlikely
while values that fall above the line indicate that thunderstorms are possible.

Composite CAPE Values for All SB Categories Throughout SB Period
CAPE Value (J/kg)
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Figure 12: As Figure 9 but for CAPE. Its threshold line marks the boundary between the
“thundershowers possible” typical weather category and the “thunderstorms possible” typical
weather category. Values that fall on or below the line indicate that thundershowers are possible
while values that fall above the line indicate that thunderstorms are possible.
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Absolute Value of CIN (J/kg)

Composite CIN Values for All SB Categories Throughout SB Period
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Figure 13: As Figure 9 but for CIN. Its threshold line marks the boundary between the “strong
(convection unlikely)” typical weather category and the “moderate (convection possible)” typical
weather category. Values that fall on or below the line indicate that convection is possible while
values that fall above the line indicate that convection is unlikely.

Composite SI Values for All SB Categories Throughout SB Period
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Figure 14: As Figure 9 but for SI. Its threshold line marks the boundary between the “rain
possible” typical weather category and the “thundershowers possible” typical weather category.
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Values that fall on or above the line indicate that rain is possible while values that fall below the
line indicate that thundershowers are possible.

Composite SWEAT Values for All SB Categories Throughout SB Period
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Figure 15: As Figure 9 but for SWEAT.

Composite PWAT Values for All SB Categories Throughout SB Period
PWAT Value (mm)
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Figure 16: As Figure 9 but for PWAT.
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Overall

Normalized SWI Values for All SB Categories (Overall SB Period Only)
1
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Figure 17: Normalized SWI values for all of the SB categories for the overall SB period, with LI
(blue), KI (orange), TT (red), CAPE (light orange), CIN (light blue), SI (dark green), SWEAT
(purple), and PWAT (pink). For LI, CIN, and SI, values closer to zero indicate that convection is
likely (orange categories in Tables 2, 6, and 7). For KI, TT, CAPE, and SWEAT, values closer
to one indicate that convection is likely (orange categories in Tables 3, 4, 5, and 8). For PWAT,
values closer to one indicate that PWAT is wetter than normal (green category in Table 9).
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Tables
Category

Description

Fig. #

ConvSB

A day with both a sea breeze and conv.

Fig. 2

ConvNSB

A day with conv but no sea breeze.

Fig. 3

DrySB

A day with a sea breeze but no conv.

Fig. 1

DryNSB

A day with no sea breeze and no conv.

N/A

Table 1: Descriptions and figure references for the four SB Categories explored in this study.
Range
Lifted Index
LI > +3
Rain Unlikely.
0 < LI < +3
Rain Possible.
(-5) < LI < 0 Thunderstorms Possible.
Table 2: The kind of weather typically associated with a few values of the LI SWI. It is colorcoded so that LI values typically associated with “rain unlikely” are in light green, “rain
possible” values are in yellow, and “thunderstorms possible” values are in orange.
Range
K Index
KI < 30
Heavy Rain Unlikely.
30 < KI < 40
Heavy Rain Possible.
KI > 40
Heavy Rain with Flooding Possible.
Table 3: The kind of weather typically associated with a few values of the KI SWI. It is colorcoded so that KI values typically associated with “heavy rain unlikely” are in light green, “heavy
rain possible” values are in yellow, and “heavy rain with flooding possible” values are in orange.
Range
Total Totals
TT < 40
Thunderstorms Unlikely.
40 < TT < 55
Thunderstorms Possible.
TT > 55
Severe Thunderstorms Possible.
Table 4: The kind of weather typically associated with a few values of the TT SWI. It is colorcoded so that TT values typically associated with “thunderstorms unlikely” are in light green,
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“thunderstorms possible” values are in orange, and “severe thunderstorms possible” values are in
red.
Range (J/kg)
Convective Available Potential Energy
CAPE < 1000
Thundershowers Possible.
CAPE < 2500
Thunderstorms Possible.
CAPE < 3500
Severe Thunderstorms Possible.
Table 5: The kind of weather typically associated with a few values of the CAPE SWI. It is
color-coded so that CAPE values typically associated with “thundershowers possible” are in light
orange, “thunderstorms possible” values are in orange, and “severe thunderstorms possible”
values are in red.
Range (J/kg)
Convective Inhibition
|CIN| < 10
Weak (Convection Likely)
|CIN| < 40
Moderate (Convection Possible)
|CIN| > 40
Strong (Convection Unlikely)
Table 6: How a few values of the CIN SWI can affect the weather that is observed. It is colorcoded so that CIN values typically associated with “weak (convection likely)” are in orange,
“moderate (convection possible)” values are in yellow, and “strong (convection unlikely)” values
are in light green.
Range
Showalter
SI > +2
Rain Possible.
0 < SI < +2
Thundershowers Possible.
(-3) < SI < 0
Thunderstorms Possible.
Table 7: The kind of weather typically associated with a few values of the SI SWI. It is colorcoded so that SI values typically associated with “rain possible” are in yellow, “thundershowers
possible” values are in light orange, and “thunderstorms possible” values are in orange.
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Range
Severe Weather Threat
SWEAT < 300
Thunderstorms Possible.
SWEAT < 400
Severe Thunderstorms Possible.
SWEAT > 400
Tornadoes Possible.
Table 8: The kind of weather typically associated with a few values of the SWEAT SWI. It is
color-coded so that SWEAT values typically associated with “thunderstorms possible” are in
orange, “severe thunderstorms possible” values are in red, and “tornadoes possible” values are in
dark red.
KLIX Sounding Climatology Statistics from the Storm Prediction Center for 00 Z
Moving Average
May
June
July
August September October SB Period
Highest Median - mm
36.068 42.926 46.736 46.990
43.942
35.814
42.079
(inches)
(1.420) (1.690) (1.840) (1.850)
(1.730)
(1.410)
(1.657)
25% - mm
30.226 37.338 41.148 40.894
36.576
27.686
35.645
(inches)
(1.190) (1.470) (1.620) (1.610)
(1.440)
(1.090)
(1.403)
75% - mm
42.164 48.260 51.562 51.562
50.038
43.688
47.879
(inches)
(1.660) (1.900) (2.030) (2.030)
(1.970)
(1.720)
(1.885)
Table 9: SPC KLIX Sounding Climatology Statistics for 00 Z. The brown text indicates the
“dry” threshold values, and the green text indicates the “wet” threshold values.
KLIX Sounding Climatology Statistics from the Storm Prediction Center for 12 Z
Moving Average
May
June
July August September October SB Period
Highest Median – mm
35.814 42.926 46.736 46.736
43.434 35.052
41.783
(inches)
(1.410) (1.690) (1.840) (1.840)
(1.710) (1.380)
(1.645)
25% - mm
29.972 37.592 41.402 41.402
36.830 27.686
35.814
(inches)
(1.180) (1.480) (1.630) (1.630)
(1.450) (1.090)
(1.410)
75% - mm
41.656 48.006 51.308 51.562
49.530 43.180
47.540
(inches)
(1.640) (1.890) (2.020) (2.030)
(1.950) (1.700)
(1.872)
Table 10: As Table 09 but for 12 Z.
Range (mm)
PWAT
PWAT > 75%
PWAT Wetter than Normal
25% < PWAT < 75%
PWAT near Normal
PWAT < 25%
PWAT Drier than Normal
Table 11: How a calculated PWAT value compares with its respective HMMA value from SPC.
It is color-coded so that “wetter than normal” values are in green, “normal” values are in light
blue, and “drier than normal” values are in brown.
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Composite SWI Values for 00Z: ConvSB Days in 2011-2020
SWI
May
Jun
Jul
Aug
Sep
Lifted Index
-1.84
-2.83
-3.16
-3.48
-2.45
K Index
21.32
26.07
30.83
30.19
28.14
Totals Totals Index
43.79
44.92
44.54
44.81
42.74
Convective Available Potential Energy 854.61 1253.43 1374.93 1537.42 1193.63
Convective Inhibition
-79.9
-61.61
-61.62
-60.9
-50.22
Precipitable Water
35.35
42.72
49.55
50.65
47.09
Showalter Index
2.27
0.51
0.23
-0.15
1.27
SWEAT Index
154.23
192.04 197.32
204.92 191.23

Oct
0.73
11.06
36.94
475.28
-48.28
34.94
5.93
146.45

SB Period
-2.84
27.98
44.06
1297.19
-59.97
46.65
0.69
192.85

Table 12: Composite SWI Values across all ConvSB Days in 2011-2020 for 00 Z. For LI, KI,
TT, CAPE, CIN, SI, and SWEAT, the light green indicates that convection is unlikely to form
while the yellow, light orange, and orange indicate that convection is either possible or likely to
form. For PWAT, the light blue indicates that PWAT is “near normal.”
Composite SWI Values for 12Z: ConvSB Days in 2011-2020
SWI
May
Jun
Jul
Aug
Sep
Oct
Lifted Index
-1.87
-3.43
-4.03
-3.52
-2.19
2.39
K Index
20.76
24.32
29.47 29.72 27.21 17.47
Totals Totals Index
43.64
45.23
44.21
44.4 42.59 37.76
Convective Available Potential Energy 831.09 1377.99 1762.42 1665.8 1094.7 335.99
Convective Inhibition
-78.3
-71.43
-46.55 -59.97 -64.07
-36.5
Precipitable Water
35.85
42.48
49.3 50.24 45.94 34.48
Showalter Index
2.4
0.51
0.71
0.22
1.66
5.57
SWEAT Index
149.88
193 185.61 199.17 186.7 153.44

Table 13: As Table 12 but for 12 Z.
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SB Period
-3.11
27.15
43.93
1439.11
-59.58
46.25
0.98
187.63

Composite SWI Values for 00Z: ConvNSB Days in 2011-2020
SWI
May
Jun
Jul
Aug
Sep
Lifted Index
-2.54
-3.31
-3.35
-3.12
-2.09
K Index
21.51
29.88
31.66
30.78
28.61
Totals Totals Index
42.93
44.98
44.58
43.87
42.72
Convective Available Potential Energy 1042.65 1249.31 1328.13 1273.54
996.57
Convective Inhibition
-63.46
-50.65
-58.65
-52.26
-39.63
Precipitable Water
39.37
48.8
52.48
53.62
49.34
Showalter Index
2.33
0.19
0.09
0.36
1.24
SWEAT Index
188.83
210.47 208.52
211.12
205.14

Oct
1.38
17.09
37.53
588.96
-28.63
40.08
4.28
186.34

SB Period
-2.41
27.44
43.14
1117.91
-49.77
48.07
1.17
203.37

Table 14: Composite SWI Values across all ConvNSB Days in 2011-2020 for 00 Z. For PWAT,
the green indicates that PWAT is “wetter than normal.”
Composite SWI Values for 12Z: ConvNSB Days in 2011-2020
SWI
May
Jun
Jul
Aug
Sep
Lifted Index
-3.61
-4.49
-4.51
-4.29
-1.75
K Index
24.84
30.07
32.11
31.56
27.83
Totals Totals Index
45.2
45.6
44.07
44.36
43.03
Convective Available Potential Energy 1302.24 1682.5 1843.51 1821.97 1045.64
Convective Inhibition
-45.03 -40.79
-36.99
-29.93
-45.03
Precipitable Water
40.64
48.43
53.09
53.85
47.99
Showalter Index
1.18
0.13
0.72
0.19
1.26
SWEAT Index
220.64 214.4 194.15 212.56 204.38

Oct
1.54
18.73
39.8
532.3
-47.52
41.34
3.28
204.6

SB Period
-3.16
28.27
43.92
1441.8
-40.19
48.26
0.96
208.37

Oct
5.37
0.26
30.64
180.82
-27.82
25.36
9.06
115.41

SB Period
1.02
12.09
38.1
667.26
-48.14
33.89
4.74
154.72

Table 15: As Table 14 but for 12 Z.
Composite SWI Values for 00Z: DrySB Days in 2011-2020
SWI
May
Jun
Jul
Aug
Sep
Lifted Index
0.67
-1.84
-1.92
-2.13
-0.52
K Index
11.33
16.97
19.32
25.27 17.13
Totals Totals Index
40.99
41.67
40.32
42.83 40.31
Convective Available Potential Energy 515.26 1064.13 1014.41 1249.89 853.02
Convective Inhibition
-52.83
-55.35
-73.94
-58.2 -53.96
Precipitable Water
29.2
39.05
42.99
46.38 37.98
Showalter Index
4.13
2.41
2.8
1.11
3.21
SWEAT Index
141.54 174.14 174.29 208.54 176.7

Table 16: Composite SWI Values across all DrySB Days in 2011-2020 for 00 Z. For PWAT,
the brown indicates that PWAT is “drier than normal.”
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Composite SWI Values for 12Z: DrySB Days in 2011-2020
SWI
May
Jun
Jul
Aug
Sep
Oct
Lifted Index
1.26
-2.35
-2.56
-1.96
0.81
7.08
K Index
10.19
19.22
19.05
22.61
15.31
0.26
Totals Totals Index
39.13
42.44
40.06
42.01
38.45 30.79
Convective Available Potential Energy 524.78 1122.98 1348.53 1199.29 624.07 129.63
Convective Inhibition
-66.64
-67.27
-61.17
-76.36 -84.49 -37.72
Precipitable Water
27.97
38.88
41.7
44.51
35.58 24.55
Showalter Index
5.11
2.46
3.27
1.86
4.81
9.41
SWEAT Index
132.08 172.58
167.2 189.54
146.2 105.67

SB Period
1.8
11.42
37.36
637.91
-62.3
32.63
5.48
141.21

Table 17: As Table 16 but for 12 Z.
Composite SWI Values for 00Z: DryNSB Days in 2011-2020
SWI
May
Jun
Jul
Aug
Sep
Oct
Lifted Index
0.26
-2.72
-3.71
-3.39
0.54
4.83
K Index
9.09 22.97
27.68
31.16
11.33
4.49
Totals Totals Index
39.25 41.55
42.93
43.86
37.04 31.94
Convective Available Potential Energy 562.71 1461.3 1796.46 1683.87 588.35 237.07
Convective Inhibition
-73.5 -59.59
-41.39
-37.56 -58.67 -27.41
Precipitable Water
29.27 43.09
49.69
49.68
36.53 30.27
Showalter Index
5.01
2.14
1.16
0.21
5.15
7.63
SWEAT Index
138.13 185.94
208.25 206.12 162.79 150.9

SB Period
0.88
12.17
37.56
715.78
-51.35
34.69
4.94
159.44

Table 18: As Table 16 but for all DryNSB Days in 2011-2020 for 00 Z.
Composite SWI Values for 12Z: DryNSB Days in 2011-2020
SWI
May
Jun
Jul
Aug
Sep
Oct
Lifted Index
1.16
-3.45
-1.56
-2.61
1.44
8.67
K Index
-0.75
18.48
22.13
23.8
8.59
-0.94
Totals Totals Index
34.09
43.56
41.26
43.3
34.58 29.25
Convective Available Potential Energy 559.82 1565.29 964.46 1356.65
575.2 157.45
Convective Inhibition
-86.07
-30.07 -156.68
-81.48 -45.66 -21.58
Precipitable Water
25.45
40.83
43.84
46.33
35.43 25.89
Showalter Index
7.55
1.86
3.01
1.1
6.4
9.43
SWEAT Index
123.25 179.76 170.26 188.88 137.82 129.79

Table 19: As Table 18 but for 12 Z.
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SB Period
2.65
5.52
34.67
611.26
-60.94
31.07
6.69
140.23

Composite SWI Values vs. SB Category for 00 Z in 2011-2020 (Entire SB Period)
Category
LI
KI
TT
CAPE
CIN
PWAT SI SWEAT
ConvSB
-2.84 27.98 44.06
1297.19 -59.97
46.65 0.69
192.85
ConvNSB -2.41 27.44 43.14
1117.91 -49.77
48.07 1.17
203.37
DrySB
1.02 12.09
38.1
667.26 -48.14
33.89 4.74
154.72
DryNSB
0.88 12.17 37.56
715.78 -51.35
34.69 4.94
159.44
Table 20: Composite SWI Values vs. SB Category for 00 Z.
Composite SWI Values vs. SB Category for 12 Z in 2011-2020 (Entire SB Period)
Category
LI
KI
TT
CAPE
CIN
PWAT SI SWEAT
ConvSB
-3.11 27.15 43.93
1439.11 -59.58
46.25 0.98
187.63
ConvNSB -3.16 28.27 43.92
1441.8 -40.19
48.26 0.96
208.37
DrySB
1.8 11.42 37.36
637.91
-62.3
32.63 5.48
141.21
DryNSB
2.65
5.52 34.67
611.26 -60.94
31.07 6.69
140.23
Table 21: As Table 20 but for 12 Z.
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